The muscle biopsies were taken from the sternocleidomastoid muscle in the control patients and in 19 patients with thyrotoxicosis at the time of thyroidectomy and in the remaining 5 the deltoid was biopsied. In 10 thyrotoxic paralysis specimens were taken from gastrocnemius muscles. All patients were fasting and had received by subcutaneous injection of 12.5mg chlorpromazin hydrochloride and 32mg of phenobarbital, 100 to 300mg of muscles were taken by local anesthesia with 0.5% procain, while avoiding injection into the excised muscle carefully, were freed from visible blood and fat, then frozen in the saturated dry ice acetone solution at fore biopsy. Chloride, sodium and potassium in the serum were measured by the same method as mentioned above. Calculations of intra-and extra-cellular water, sodium and potassium were made according to Hastings and Eichelberger (1937) as described in the following formula.
Total nitrogen was measured in 100 to 300mg of biopsied sternocleidomastoid muscle in 9 patients with simple goiter, as control, and in 16 patients with thyrotoxicosis.
The control group were all females with a mean age of 35.7 years and the thorotoxic group were 14 females and 2 males with a mean age of 34.5 years. The method of muscle biopsy was the same as described previously and total nitrogen was measured by Micro-Kjehldahl method (Natelson, 1961) . Relationship between intracellular potassium and muscular weakness, expressed as grip strength, were investigated in 15 patients with thyroxicosis. Grip strength of both hands were measured by dynamometer before biopsy.
RESULTS
Serum sodium, potassium and chloride Mean of the serum sodium, potassium and chloride concentration in the control group, patients with thyrotoxicosis and with thyrotoxic periodic paralysis were summarized in Table 4 . All these values remained in the normal range except the serum potassium and sodium in thyrotoxic periodic paralysis.
Serum sodium concentration in patients with thyrotoxic periodic paralysis during non-paralytic state showed significant fall and the difference between the control group and this group was statistically significant.(t=3.098, 0.01>p> 0.001) Serum potassium in thyrotoxic periodic paralysis during paralytic attack presented remarkable fall as low as 2.77 mEq/l which is apparently significant as p less than 0.001.
Total water and, intra-and extra-cellular water volume in muscles
The results were summarized in Tables 1, 2, 3 and 5. As compared with the control group, total water volume of muscles in thyrotoxic patients decreased by an average of 2.7% in wet tissue and of 11.6% in solid tissue, and these differences were statistically significant (t =2.53, 0.02>p>0.01 in the former; t= 3.46, p<0.001 in the latter).
However total water volume of 6 patients with thyrotoxic periodic paralysis during non-paralysis and 4 in paralytic state did not show any significant changes in either wet or solid tissue basis. Apparently this decrease of water in muscle tissue occurred solely in intracellular water.
Intracellular water volume in muscles of thyrotoxic patients showed significant decrease of 3.9% in wet tissue on an average(t=2.25, 0.05>p>0.02) and of 12.9% in solid tissue basis (t=3.56, p<0.001).
Comparing with the patients with thyrotoxic periodic paralysis during non-paralysis, the patients with thyrotoxicosis showed decrease of 4.6% in wet tissue (t=1.76, 0.1>p>0.05) and decrease of 12.5% in solid tissue (t=2.53, 0.02>p>0.01).
However there was no difference in intracellular water volume in muscle between control group and the patients with thyrotoxic periodic paralysis during either paralytic or non-paralytic state.
Intracellular potassium and sodium
The results were shown in Tables 1, 2 In wet tissue total nitrogen of both groups did not show any difference, though in solid tissue thyrotoxic patients showed decrease by an average of 10.4% with statistical difference (t=4.56, p<0.001).
When decrease in total nitrogen content in thyrotoxic muscles (10.4%) was compared with that in intracellular potassium content in muscles in solid tissue (20.8%), the latter was approximately doubled of the formers.
5) Grip strength or power in back muscles and intracellular potassium concentration
In 15 patients of 24 thyrotoxicosis, grip strength in both hands and power in back muscles by dynamometry, measured near to the time of biopsy, compared with intracellular potassium concentratson actually determined from muscle. There was a strong positive correlation between strength and intracellular potassium concentration as is evident in Figure 4 . The relationship is apparently high statistically significant (r=0.87, t<0.001 between right grip strength and potassium; r= 0.88, t<0.001 between left strength and intracellular potassium concentration; r =0.58, 0.02>t>0.01 between power in back muscles and intracellular potassium concentration).
DISCUSSION
Skeletal muscle tissue analysis of the human being in normal or pathological conditions were published by many authors (Mudge and Vislocky, 1949; Baldwin et al., 1952; Mokotoff et al., 1952; Talso et al., 1953; Wilson, 1955; Barnes et al., 1957; Litchfield and Gaddie, 1958; Nichols, 1958; Flear and Crampton, 1960; Bergstrom, 1962) . In determining the distribution of ions within biopsied samples, chloride space was frequently to be a measure of the extracellular space. Chloride is, however, known to enter cells and the inulin space has been used as a adequate measure of the volume of extracellular fluids of the body (Nichols et al, 1953; Catolove, 1954; Check and West, 1955; Flear and Crampton, 1960) . Flear and Crampton (1960) recently reported no significant difference between inulin and chloride space in human materials.
As a reference base for estimation of muscle mEq/kg Solid tissue Control Thyrotoxicosis Fig.1 . Intracellular potassium in muscle from thyrotoxic patients and control subjects, expressed as mEq per kg solid tissue constituents in normal and diseased tissue, Lilienthal et al.(1950) proposed the use of non-collagen nitrogen.
In our laboratory, for the practical purpose, chloride space was considered still to be a most reasonable method by correcting of extra-and intracellular components, and the method by Hasting and Eichelberger (1937) was applied in this study. Sodium and potassium in human skeletal muscle tissue have been reported by many authors (Mudge and Vislocky, 1949; Baldwin et al., 1952; Mokotoff et al., 1952; Talso et al., 1953; Wilson, 1955; Barnes et al., 1957; Litchfield and Gaddie, 1958; Nichols, 1958; Flear and Crampton, 1960; Bergstrom, 1962) and the results showed some difference due to different method of ashing or preparation. Studies upon water and electrolytes metabolism in thyrotoxicosis have been done by several authors (Byrom 1934; Boekelman, 1948; Cachera et al., 1949; Munro et al., 1958; Staffurth, 1962) , though none of the report concerning actual determination of intracellular water and electrolytes has been published. Decrease of total and intracellular water content in muscles of thyrotoxicosis, proved in this study, may be related to increased sweating and insensible perspiration (Peters, 1944) or partly due to urinary excretion (Brull, 1940) , though it may be reflected the direct effect by increased passive permeability of water across cell membrane by the thyroid hormone itself (Green and Matty, 1964) . Fall of intracellular potassium in thyrotoxicosis, proved in biopsied muscle tissue, raised the question whether this is due to destruction of muscle cells in thyrotoxicosis which was infrequently encountered. Total nitrogen content in muscle, however, which may represent the degree of cell destruction, indicated decrease by 10.4% which was by half of 20.8% decrease in intracellular potassium. Consequently decrease of intracellular potassium could not be explained by cell destruction.
Increased membrane permeability to many substance (Aebi and Abelin, 1953) or increased sodium efflux, proved in thyrotoxic animals (Green and Matty, 1964) , may reasonably explain this fall of potassium. Creatinuria, which has been known a feature of thyrotoxicosis, has been thought as a possible cause of myopathy. However, inconsistent histological abnormalities and degree of creatinuria in chronic thyrotoxic myopathy were not enough to be a primary alteration for myopathic changes in thyrotoxicosis.
The linear relationship between intracellular potassium concentration and grip strength in thyrotoxicosis apparently suggested that the intracellular potasium depletion may be a cardinal metabolic abnormality in thyrotoxic myopathy.
Since potassium in muscle cell has been known as an important factor in concentration and relaxation mechanism or in getting membrane potential of muscles (Szent-Gyorgyi, 1947; Hodgkin, 1958) , the most important factor producing myopathy in thyrotoxicosis would be intracellular potassium deficiency or compensatory accumulation of intracellular sodium.
Association of periodic paralysis and thyrotoxicosis has been described by many European or American literatures (Dunlap and Kepler, 1931; Hildebrand and Kepler, 1941; Weissman, 1952; Linder, 1955; Overholt et al., 1957; Engel, 1961) , and most commonly by Japanese authors (Tsuji, 1939; Okinaka et al; . In fact 90% of associated cases reported in literature (Engel, 1961) were from this country. Granted the relationship, however, it is far from clear whether thyrotoxicosis merely triggers as latent periodic paralysis or whether thyrotoxic periodic paralysis has been differentiated as a distinct entity. Remarkable hypokaliema during paralytic attack of thyrotoxic periodic paralysis has been described in the literature which was also confirmed in this study.
In thyrotoxic periodic paralysis during interval, in contrast to thyrotoxic myopathy, total or intracellular water and potassium did not differ from control subjects, though intracellular sodium accumulated in muscles as in thyrotoxicosis. On the contrary, during paralytic attack fall of intracellular potassium concentration, which was not accompanied by decrease of intracellular water is a main feature. This difference of intracellular water, potassium and sodium content or concentration between thyrotoxic myopathy and thyrotoxic periodic paralysis can be enough to present these prominent clinical features in both disorders.
SUMMARY
Biochemical analysis of intracellular water, sodium, potassium and nitrogen in biopsied muscle was attempted in 24 thyrotoxic myopathy, in 10 thyrotoxic periodic paralysis and in 19 control subjects. Water and electrolytes studies were done by chloride assumption.
1. Serum electrolytes in all groups remained in normal range except remarkable fall of potassium during paralytic attack of thyrotoxic periodic paralysis.
2. In thyrotoxic myophathy, total and intracellular water in solid tissue basis decreased by 11.6% and 12.9% respectively, through no significant alteration was observed in thyrotoxic periodic paralysis during either paralytic or non-paralytic state. 
